In addition to the usual procedures in the treatment of arterial insufficiency with gangrene of the feet or legs, the author suggests exercise to stimulate collateral blood flow and improve the metabolic state of the involved tissues. After careful protection of the damaged parts, patients were encouraged to stand and walk. The results of this ambulatory regimen in 22 patients are presented.
In addition to the usual procedures in the treatment of arterial insufficiency with gangrene of the feet or legs, the author suggests exercise to stimulate collateral blood flow and improve the metabolic state of the involved tissues. After careful protection of the damaged parts, patients were encouraged to stand and walk. The results of this ambulatory regimen in 22 patients are presented.
DURING recent decades necrosis of the lower extremities has almost invariably led to the complete bed rest of the patient. The present editions of commonly used medical texts in discussing the treatment of such patients assume that they are confined to bed.
Bed rest results in decreased blood flow. Disuse atrophy follows, bone is absorbed, and muscles waste. The skin loses its turgor, nails and hair grow less rapidly, and pulses become less strong. Dietrick, Whedon, and Shorr" 2 showed that at bed rest patients were in negative nitrogen and calcium balance. They also demonstrated that this process could be reversed by keeping the patient in motion in an oscillating bed.
One of the greatest stimuli to the development of collateral blood flow in the legs is walking. Thoma3 in 1884 found that the growth of collateral blood vessels was directly proportional to blood flow through them. This work was confirmed by Lewis.4 Along with the rest of the medical profession we were hesitant to allow patients with gangrenous limbs to walk. The success of our surgical colleagues, however, in the treatment of fractures by exercise suggested that we might profit by their experience. We were particularly impressed by the work of Bohler,5 who developed the walking cast for fractures of the ankle.
Before the advent of potent antimicrobial drugs, gangrene was feared because of the spreading infection that followed. Gas gangrene and septicemia often were sequelae. Amputa- Today infection can usually be dealt with successfully. This gives time to encourage the development of collateral circulation. The medical measures used in the group of patients about to be discussed were as followss6:
Avoidance of Tobacco. The early work of Wright,7 Barker,6 Roth,9 and others demonstrated the need for complete abstinence from tobacco in the successful therapy of all occlusive arterial disease. We believe it is harmful because of the vasoconstricting action of its nicotine content. In thromboangiitis obliteranis it is also an etiologic factor that excites an inflammatory response. All the present patients avoided the use of tobacco.
Use of Gravity. To aid the flow of blood into collateral channels, the affected limb was kept below heart level. Alternately filling the limb with blood and then draining it by positional changes were preferred. This was accomplished while the patients were in the hospital by placing them in oscillating beds. Some colItinued using the oscillating bed at home.
In each instance the angle of depression of the oscillating bed was adjusted to suit the physiologic need. Readjustments were made as circulation improved. The aim on the upswing of the bed was to maintain sufficient elevation long enough for the veins to collapse, but not to produce pallor in the capillary bed of the toes. Warmth. Heat was never applied directly to the foot or leg. Reflex vasodilatation was produced by placing a heating pad over the lower abdomen for periods of 12 to 1 hour after each meal if possible. The gangrenous part was maintained at room temperature, or slightly above. Cradles were used to protect it from bed coverings.
T690TIAITAMENT OF GIANCIRENE OF v1:I:T AND LEGS BY WALKINGLocal Theraply. The lesion and suirrounding areas were covered waith antimicrobial ointmients to reduce the number of bacteria and fungi. Lanolin or other suitable substances w-ere used to keep the tissues from b)ecoming dehydrated. The entire foot and leg were then \vrapped in cotton wool and loosely but securely b)andaged to protect them from injury. A white so(k was donned.
The lesions were dressed daily. As necrotic tissue mUmmified, ery gentle, meticulous debridemIent was done. Care was taken not to damage borderline tissue.
V"asospasm. Sublingual niitr'ogly(ceri u'0 was used to combat vasospasm of the major vessels w-heniever it occurred(. This imedication was ustually combined with reflex heat.
It(ndiccde Fever. Fever produces maximum vasodilatation. The The patient was ambulated on crutches. His intense pain was relieved, and after 1 month be was allowed to bear weight. Improvement was more rapid andl he was discharged after 2 months' hospitalization, when the toe was clean and granulating.
Two months later healing was complete and ble returned to his job as a truck driver. On his last examination on January 14, 1956, the foot was warm, pink, and dry, and the toe was intact. He could walk any reasonable distance at a moderate pace without claudication. Four years previously, when he was 37, his left leg became infected and he was told he had Buerger's disease. A lumbar sympathectomy was done, but the condition worsened, the leg became gangrenous, and it was amputated at age 40. He did not give up tobacco. The right leg commenced to show changes, and toes 1 and 3 became cold and black.
He decided to come to the United States for medical help. On admission, in March 1954, the large toe was gangrenous in its distal half, with the second phalangeal bone protruding through a necrotic slough. The third toe had sloughed down to the second phalangeal joint. A black spot of spreading necrosis had developed at the base of the fourth toe. The foot was red in dependency, cold, and atrophic. Foot pulses and popliteal pulses were absent. Femoral pulse was weak.
Tobacco was interdicted and the patient was placed in an oscillating bed. He was made to walk every hour on crutches, bearing weight on his gangrenous foot. He was given intermittent fever therapy by means of intravenous typhoid vaccine.
Improvement was rapid. The necrotic areas moistened, the black skin sloughed, and granulations FOLEY appeared. The protruding bones were trimmed and the shaft of the exposed phalangeal bone in the large toe was drilled with several holes to allow marrow to lead to granulation.
After 1 month in the hospital he was discharged and treated as an out-patient. During the next 2}f months complete healing occurred, whereupon he was fitted with an artificial limb. He returned to Santo Domingo with his leg healed and walking without a cane.
He was instructed to walk increasing distances at slow pace daily and was warned that if he resumed the tobacco habit, his disease would return.
Case 5 M. L., NYH no. 700969, a 44-year-old business executive, was admitted with gangrene of the left foot from thromboangiitis obliterans.
He had had recurrent phlebitis of the legs for 16 years. Two years prior to admission an ulcer formed on his left ankle, which grew larger, deeper, and painful. Six months prior to admission a left lumbar sympathectomy was performed, but the ulcer became worse. The posterior tibial nerve was cut and skin grafts were unsuccessful.
On admission in June 1955 he showed marked disuse atrophy of both legs. A large, necrotic ulcer was present at the left lateral malleolus, surrounded by a red, diffuse area of cellulitis. Both arterial and venous insufficiency were present: Varices and venous plexi were present. X-ray films showed marked demineralization of the bone. He was placed on an oscillating bed with a 100 downswing and upswing, tobacco was interdicted, and walking with crutches for 5 minutes every hour was enforced. At first, weight bearing was extremely painful. At the end of 1 week, however, he was able to give up the crutches and hobble with a cane.
The necrotic lesion responded slowly. After 2 weeks, granulation tissue appeared.
An elastic stocking with light pressure was made to counteract the venous problem. He was discharged after the third week. He returned home where he used an oscillating bed and also walked. One month later he was able to return to work.
He was seen 9 months later in October 1955, when he had gained 30 pounds in weight. He walked without a cane or limp and his feet were warm and pink. The foot pulses had returned and were 2 + in She was made to stand at the side of her bed and take a few steps several times a day. The activity was gradually increased and at the end of 1 week she walked to the bathroom with the help of 2 nurses. An oscillating bed was set at 150 downswing, 00 upswing. The foot was covered with antibacterial ointment and wrapped in cotton and was dressed daily. At the end of 3 weeks she was able to walk every hour for 5 minutes with help, fever subsided, and the narcotic addiction was reduced.
She was sent home where she slept on an oscillating bed and remained on it during the day except when walking. She returned to New York for follow-up visits at 2-week and later 1-month intervals. The necrotic area liquefied and was slowly replaced by granulation tissue. By October (7 months after the first visit) all necrotic areas were replaced by granulations. The fourth toe was loose and without nerve innervation, and the fourth and fifth metatarsal bones had sloughed away. Therefore, this toe was clipped off during a simple dressing. Epithelialization took place. Final Treatment consisted of an oscillating bed, anticoagulants because of the phlebitis, penicillin, digitalis, salt restriction, insulin, and local ointments and dressings. Ambulation was withheld during the first week until the phlebitis subsided. She was then started on weight bearing and was soon walking. The gangrenous areas sloughed and were covered by hard scabs. Warm sitz baths and reflex heat were used.
She was sent home after 3 weeks of hospitalization, but returned every 2 weeks for follow-up visits. Improvement was rapid, and on her last visit (May 1956) she was able to do her housework and walk outdoors on clear days. The black, necrotic area on the second toe sloughed, and granulations developed on the 3 involved toes. Epithelialization followed and complete healing resulted. Case 9 C. V., NYH no. 8928, is a 50-year-old, severely diabetic man with arteriosclerosis obliterans and gangrene of left second toe.
He developed diabetes as a young adult and was followed in the New York Hospital Clinic for 30 years. In March 1953 claudication was present after walking 2 blocks. His feet were cold and painful, and the left second toe had become purple and cold, and then black.
He was kept on an ambulant regimen. Cellulitis of the foot developed, but it responded to penicillin. The necrotic skin sloughed, leaving a granulating surface, which healed slowly.
On his last examination in February 1956 the feet were warm and pink and the claudication distance had increased to 10 blocks. She was instructed in a medical regimen and sent home. She returned 1 week later with a burn of the left foot from soaking it in hot water, despite specific instructions. She was hospitalized from January 3 to February 19, 1955. There she was placed in an oscillating bed and given the medical measures outlined above. Marked improvement took place, and she was discharged with instructions to carry on her treatment at home, including walking.
At home, her family rejected the treatment. They refused to let her get out of bed, saying it was cruel to make her walk on her black, gangrenous toes. Disuse atrophy and spreading cellulitis in the foot followed, He had been fearful of walking for several months. Ambulation was started at once. The oscillating bed, warm sitz baths, and reflex heat were employed. He remained in the hospital for 3 weeks and then continued treatment at home. The health of the tissues of his legs improved slowly. The necrotic skin at the site of the lesion was removed.
The skin broke down over the outer malleolus at a point of pressure from the patient's habitual crossing of his feet in bed. A second large necrotic ulcer formed, but gradually both ulcers granulated. After 6 months all tissues appeared healthy, but the 2 ulcers had not epithelialized. They were covered with powdered blood cells and a hard coagulum formed over them. Six Gangrenous ulcers were on the first, third, and fifth toes of the left foot. The right first toe had a necrotic ulcer under the nail.
The regimen of tobacco interdiction, ambulation, oscillating bed, reflex heat, warm sitz baths (at body temperature), and local dressings was begun. He remained in the hospital 1 month and was followed Case 16 F. A., NYH no. 589998, housewife, was admitted in January 1951, at age 66. She was not diabetic or hypertensive. Four days before admission the left third toe had become very painful and cold. During the next 2 days it became black.
Examination showed the pulses in the left foot to be very weak. Oscillometric readings were reduced. The entire foot was deep purple on dependency.
She was treated with an oscillating bed, walking, reflex heat, and warm sitz baths. Circulation of the foot improved rapidly. The black skin sloughed and was slowly replaced by healthy epithelium.
Two years ago, during a European trip, the third toe on the other foot became black in a similar manner. She immediately returned to New York. Good healing resulted following repetition of the therapeutic regimen. Now, at age 71, she enjoys good health. The feet are warm, pink, and dry. She walks at least 1H mile daily as a therapeutic measure.
Case 17 J. B. was a 56-year-old telephone company executive, who entered Doctors' Hospital, New York in November 1952. The diagnoses were arteriosclerosis obliterans, narrowing of right iliac and occlusion of the femoral artery, and gangrene of the right foot.
He was normotensive and nondiabetic.
Intermittent claudication began 8 years previously. One month before admission his walking distance decreased to 50 feet, and the day before admission the right leg had become cold, painful, and mottled purple.
The right leg was pulseless by palpation and oscillometric examination. From the midealf downward it was cold and purple. The toes were a deep blue. Pulses and oscillometric readings were normal on the left side. He was examined by us 8 months later. During this time he had not walked. The leg was shrunken. The skin of the foot was shiny, red, and tense with edema. An infected ulcer was present at the site of amputation and the third toe was black on its dorsal surface and purple elsewhere.
Treatment consisted of oscillating bed and walking. The nutrition of the foot improved at once. He was discharged on the twelfth hospital day to continue treatment at home. The ulcer healed 1 week later. The necrotic skin of the gangrenous toe sloughed. Granulation developed and complete healing took 6 months. He has been followed for 1 year since then. The foot is warm, pink, and dry. He walks more than 1 mile each day in comfort.
Case 20
A. W., NYH no. 565323, a 54-year-old cotton broker, was admitted in March 1950 with arteriosclerosis obliterans, gangrenous ulcer between right third and fourth toes, and occlusion of popliteal artery. He was not hypertensive or diabetic.
He complained of intermittent claudication in the right calf after walking 1 1W blocks. Examination showed normal pulses and oscillometric readings. He was advised to give up tobacco and to walk slowly, at least 1 mile daily. In June 1953 he complained of severe pain and coldness in the right foot and an ulcer developed. He had not given up tobacco, nor had he carried out the other instructions. Examination showed an occlusion of the right popliteal artery. The foot was cold, venous filling was slow, and a necrotic ulcer had formed between the third and fourth toes. Tobacco was interdicted and an oscillating bed, walking, reflex heat, and warm baths were started. He improved sufficiently in a 3-week period to return home to a distant city and he took an oscillating bed with him. The ulcer healed in 2 months. He gradually increased his walking distance and resumed golf. In follow-up visits the foot has been warm, dry, and pink, and the dorsalis pedis artery can be palpated. He 
